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UGKT E1^1'T)HQ DIODE AND M^IHQD 01^ MAiCINO IKE SAME 

1. A Ugiit «iiist^g <iiode« eoznprifting: 

a VBX> epitttxial suuetutA Ibtfvmg a nnilil«1ayae<l AlQaTuP opltttxi&l miccura 

ft tavnsjyaxcat Bubstrcrte; and 

clai^c tnuisp^roiit sdhealvB materiil fbr txmiting ihe mnuporcnt subdtrttlc «nd 
tha tnuiti-lDyerod AlOalnP epitaxkl smacnure. 

2. Ihe light camitling diode ttccofdins to dftixA 1, wh«t«xn tb^ Hgbl-^t^aotbiag 
substnte is OaA& 

3. rhfr eanittbs diod« oc«wdxn$ to elftim wb«teift iho LED dpiUOdal 
stnietute is an AlOatnP hamostnjcture. 

4. "Die 11^ Ainttking diodn accnrding to claim I, wfaecdn ^ LED epluudal 
stnietixrc is aa AlGalnP hcterfrstructkire. 

5. Th6 li^ emttihig diod6 acconSng to clfium U wijeiein the L£D ^iUDdal 
Btnjcnnc Is an AJOalnP double htieroscnaur^ 

6 Tlie nnittRig ilicxie accontiiig to ctoim 1» wteeiA thft LED epftftxiai 
sttactui:e is an AlGalaF Quantum vrell . 

7. the light emictiiis diodfi oceofvlitig 1o elmm I . wberrai Mio cJastic tcaxaspwxA 
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adliesivc matcxial is BCB (D-&t{Lg6d bifibenzAcycJohutsno) nsm.. 

S. rh« Uftbt eniJtti&g diodo according to <lsini I , whereiii tlie elaai5o trsinspetem 
odhasiva moceriitl is epoxy resfn 

9' The t'tslit cmhtui^ diode ticconimK to cbum 1 , fiirtber comprises tbe step ot 
removing tho Ught-tibsorbing sub»cmte nfler the bonding of' th& tianspafeDt mibstretc 
&ad the LED cpitexiid a tfjc t afc 

10. The Ught emltda^ diode aocorduig io ataim 1, ^mia ibt transparont 
substnid is sftpphiit^ 

U. Ught «autting diode according to clsim 1, wherein Uie tm&paieitt 
substrate is gl3S9 

12 Hie light ctniAfng diode accortfinfi ia claim I, ^vhersin Uie tnuupanDft 
substnue to OaP ox OaAs^. 

13. Iha lieht emftdDg liiodc ftocoitHiig io claim U vvhen'm iha txanspaMot 
aibstnw b ZnSc, ZnS or 2ki3Sc. 

14 nw Ggbt cmittSiig diode accardtsg to eUUm U whenan die cxansparait 
substnucuSiC 

15 Ibo U^t «oiit:£aa c&odc seconding to ctaim 1, wheidn to (naop&rent 
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sub5tx«tte and th« muliMfiy«i«<i AlOaTni? epitnxia) strnctun fii«bocx{ed hy the f^ll^iviAg 
Mages; fiivk stdge: petfbftnittS a heating and presjclns fttemperelure between 60 

T: atid loot;; 3ffcoa<t stage: perfoinung a he&fing «jid pnsisfiing step in a Ceaiperaturv 
betweea 200*0 andfiOOt!. 

l€ . A xttclbixt of makiaB a \Uibt eniittiDE ciiode. comprislAa: 
^Kovidmg a LED «p2taxial sttvcture having a toulti-lnyered AJOaAs eptt^xiol 
byer formed on a light^tbsotbiiQ substiale; 
providlog a traiument substrate; Ai>d 

usiag an elastic tittnspMeUt adhesive matexial to bond the transpaient 9lib«b«R» 
and ihe multk-layenul AlOaAs epitaxial structaie, 

}7. Th« method accosding to cbim 1^. wherein the ligbt^abdoitang substrate is 
GoAa. 

18L I^metbodaoootdingtodflSm 16^wlietetDthel£D«pSta^ 
AJCaAd homomuctuse. 

19. Ihe miiihod «coordlns tt> dalm l£w whcrdn the LED epituual siiuctuie 1% an 
AlQaAs betetosmiocure. 

20- The method acoortins to daim 16ir whetdn the LED ephaxia! smjctttfe I» u 
AKJbAs doable bctcn?>tnjctuw . 

21. The method ftcoordhis to oiaiin Id, wbereta the LEt> epitaxial stnictuie is An 
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AiGaM quantum well. 

22. The methcxl according to claim 16, whcarin (he «Umii3 tianapar«nt adhcdivc 
material is BCB (&• iteged biabenzoeyc)o1niie»fi> tfistln. 

23. Th6 minhfXl aecordins: to claim Whcniti the daatic bsmsparent ttdfa«ftivo 
material Is cpoxy rc»ia.. 

24.. Tto mcdiod according to claim 16, furthor cocopi^v^ (ho atop of reatovitig 
the lig^-aiboax^ug sulMtrate after tha bonding of tlift tratis^BfieaDCt pubstrato and th« LED 
cspitaNiai atmctura^ 

25. th» method accocding to cUim 16, whaniA the transpareiit substiate tst 
sapphira 

26l I1ieinethodaa3vdiiigtcd»UQt6.iK^ 

27^ Tbe maibod occofdiflg tp daim 16, wherein the ixadspsrent mbstrate fa OaR 
orCJflAaP 

28. lite method acoordmiB to dmm 16» wfaeiein tltc tnot^zum substrate U ZoSe^ 
ZhSar2nS6e. 

29^. Tlie«»awdaocordiDgtoc]aiinl6, vvheraiithetm^ 

30 The method aecotdin^ to ebiim J6» wharria tho step of bonding the 
transparent substrate aod the muhi-laycrod AlOaAfl epitaaciaJ stmctu/e la perflarrMd t» 
tho fbltc'wing .'»tepa: £hst stagi»: pecfdmuog a heating ftod pfesnng step (n a temperature 
betwceo 6Dt: 6stA iQOlG; second ssoflK perfonxt^ a heatlxig and pitssing step in a 
temperature tsetweea 200^ axid600^ 

9 Detsiied De^cripticfl of (oTcBtiQu 
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ThA pfeseat i&vcation. rGl4l«s to a atzuctuste and a tneliiod oT quJutib d lisHt 
emitting diode (IHD) chip, and tsore paiticulariy to a smicnue end a infithi>d of 
makixig ^ AJG&lnF L£l> chip 

The conventional AJCalnP LED» (n shtmm in fi^ 4, hns a doubly 
bctetatsbuctuie (DH)i which U ooittUtod of an n-W^ (ASsOai i^sIpd^P lower doddinc 
Uyor 4 with «n Al Pompoailion of about 709^100^ formed on » a-lyp© GaA* 
sobamte 3« (Al^M)Dfhia$l> active lo^ 5, a p-^ype (AM3di^.iI»D3P >>pper 
cladding layer 6 ^th Aa AI cmnpc^itiMi of about 70^100^ AAd a p^-typc Mgh enoisr 
£P(p GoAbP, InGaF, AKjoC, GftP, w AIOaAs eunrm ipKadinff lay<r 7. Tbs emitdng 
wmnelenstb of the convenilonaJ LED snzucmrs can ba changed by adftunii^ 
conipmitiQD of tito active layer to genesatc a waveleaeth ehaxig^ Aom 650 lun red to 
SSSftm pust srttn. One dfsadvrutcaea of ihe cooventioDal LEO is tfaat^ when fcbc 
^enejaxed by the active iaytrls emitted downward to dia QaAa substrate; the iifibt wi]2 
te absoxbed by (he CaAs substmtQ sincv ths OaA« substrate has a entailer cncr^ gap. 
Aceonliogiy, tbo lifiht-ourpucperfbrmance of the LED will be greatiy reducad- 

Therv arc aomo eOov^flSiopvl LED t«ch&olo0«5 have baoa diaelosed In order to 
wM the absorptlait of Ughc by liie nibotnte. Hovvevar, these coavGntkmal 
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technologies still hfiv« some <jf8d4v9nt;^& and JirniutioEis. For example, Sugawara 
ct al . disclosed a mtsthad^ which has been published ia A|ipl Phys Laa Vol. 61^ 
1775-1777 (1993)» tliai adding a distributed btagg refleeior (PBR) layer oa the GaAs 
substmle so as to reflect tbe li&st emined downwud to tbc OaAs sobstiBte and u> 
decrease the light absorbed by ihe OaAs substzsto. However, besAuse tbc DBR iuycr 
QoSy raflectt liflbi that is of near noimal incidcnoe to tbe OaAa substvote. so that the 
dtnctency Js not very gEcat . 

Kish et sl{. disdosed a wefer^boiklcd um^rent-sub$XF»te O'S) (AkGai.. 
KksbiosP/OoP Ugbt eaxdtdng diode [Appi. Phys Lett Vol. 64, No. 21, 
<19M}; VofT* lugh-eificiettcy semieonductor wA&r-bosded (t^tmpfinesnt-Aibs^te 
(AluGaiHObslBAsP/OiiP]. tliiB iS AXQOty i:SD was fabiicated by growiag a vocy 
thick (about SOfim) p typo 0^ vyiad(>w layer casing hydride vapoi phoae epitas^ 
(HVPB). B«iiaa:e bonding, tt-lypo OftAs substrate was sdeetively removed u^ag; 
Ghonical xneehanicai polifihmg and etchins techniquefi. Ttio exposed n-type (Al^Oai.. 
x}ajIn»5F cladd^g layers are «ttb«cqitentiy wfi&c^bonded to 8-10 mil thick: n-type Gap 
«ub«trtte Tbe resultinjt IS AiOaXnF LED exhibita a two fold hnpfxmxnent to Ugbt 
outpm compared to absorbing substrain (AS) AlQalnP LED. flowcvej^ the 
filbrication process TS AlQalnP is loo Ca5n\pl5ciitcd rbcrefore^ it 'a diBicuit 
to nnumftcture these T5 AlOafnP CEDa in iueh yield and low cost. 

Hotng et al. repotfted a jniirortubstuie (MS) AlGalhP/Matal^SiCVSi 
febricatod by Wci^fiiscd tccliBobgy [Appl.. Phya Lett Vol. 75, No. 20, 3054 
(19S^; AlOalnP iight-^minins 4k>des with tmnoe aubatrtfiea fthricated by waftr 
bontfiiig] ■ Tliey used tbo AiaBe/Au ^ tho adbesive to bond the Si stibstmte and LEO 
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fiCyilAym. How^«r, the tummooj kite:n9ity of th«se MS; AlG&Injf* LEDs is about 
9Qmc4 with 2QmA li^cctioiiciixmt and is stil] 40H lowor ibui tbe lumiiious Imenslty 
of I S AiGaliiP LED.. 

SUMMARY 01: mRTNVEmiQH 

Aft defictibed ^V6y tte cofiventiDna} LEO has maoy dindTisiiafi^s. IbsrefoTO, 
die pnssent inv«ntloa piovldes a LED stmctun aoil method of »)»king the wme t6 
»alve (be cosvcatioaal disadvantages. 

The ptcscKX hrvcndaa provicies a enulting diod^. A light ^mittin^ diod«> 
lbs iigbt emitting^ diode comprises a LED epitaxial stnictuxB having a JUMtti-lsomd 
AIO&IdP epitaxifid structure fonm^d on. a if^-al>sarbi&g aubstzatc; a itaii«pannt 
substrate; and a layer «f ttanspareat Adbntlva nutefiot for bondiiets thft tranftpavent 
«absttBt« aad it» mtittt-layefed AlG^IoP epluxial struDtuie The Acdvo iayer of tJt9 
LED caa be composed of sifigle hatEJoauucture (SO), doMo h eto o a ti uct w <DKX 
mnld quontisis vvaUa (MQWa), o7 qiumtun wellff beterosoucture CQWH4). 
MeanwfaUfl; a fim and a sacofid dbmte ccmtaot nietal teyef aie boodol to a fioc and a 
second conduoclve^pe epitajcud layers* respectively-. BcndeSy both tke first And 
second dhmic coidact metal layets ait ICClttlMl on tike same side.. 

The picseirt invontioA provides a mtftkod &r inBnu&eturi«ks a Ught emitiln^ 
diode, wku^ eomprised the stcpt providing a LED epitaxial straedue faavltxg & 
miilt$''lay6red AlQatnP epUaxial stmcturv Cbmted oo a Ugb^>ab3otblng aubstiato; 
providing a tioncpKrvnr eubiBtnxte uAog a layer of traiupaxttik adhasfve nutf erial, finr 
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tiXAmp]e» BCB (d-stogod biftb«n20cycJobiUone) resia or Epoxy resku to hand th« 
ttatMpvent snibfitrua oad the muRUloyexeit AlOoEnP cpftaxjal stntctun». Tbo lis^it^ 
absor(>mg sQbstr&td if th«n cemoved to expose the fhut condu6dve-;ype etcKmg $top 
layttr m that a fitst ohmla cantuct metal layer i&« for axample* ihrmed. The cfidsfng 
Step also e}q>oses the second cotidiietWfi lype epliaxla] layer to form ft secojid ohmic 
cootaec bqrcr. Ift additSoo. both Ute &st and second ohmic eontaet fnesal lavors ace 
located on the same side 

Aa edvttOtAge of the pi^CdeAt Inventioa is to pjtivicie a mmple T^ED atmcfcuna, tho 
imcoss of the LED atcuduio can bo peffbrmod si iovrer iCApetatare to avoid 
tho evApoiBlion p^qblom of V group elements. Moreover, by the U9» Of tbo 
ttaoiapannt substtate^ the Ughl oeiMttiiis cffSoienoy of Ihe .I£D e&& bo siSpoilUaatiy 
improved. 

Aoolhfii advantaffc of the present Inventoon Is \ht &impli1ied prt>ce^» wbetein the 
low oost glass can be used as tbe matorfal of ftio aaasparem aubstiata Ac60idii^7> » 
dipQu&tiFui with hig^ yield cmd low cost 19 aohievod 

Aoothcj edvantA^S^ of tha pmscm mveotloo is tha use of tho dast&fi properties of 
isaaxpfu^Rt adhe^vo material to bond tho imuvNKenl snbstfmo and tho in\dt>-'layor«d 
AlQalnP epitaxial stnjsturo. rbcrc&io> an excellent boding re^uU can bs obtained hy 
tho use of the eJastjo iraA^pateat a<fiia^va U^r ovan if the npitaxiaJ atncture baa a 

Hie present mvesttion diaekM a LHD sttuctufie mH method of making the samo 
tiod will bo dascnbod io detail aa below.. 

Refbrriag to Fig. I, Oie epitaxial structive of {ighc eoUithig diode of ihe present 
inveation la oocnposed of ao ti4ype GaAs sufasnate 26« aa tiehmg stop byor 24, n-<yp6 
(AbiGal-x)aiTnQ^P lower cladding layer 22 and (AixOal -11)0^11305? active larear 2Q, p- 
type <Alx08t'-x)fij I004F upper claddipg layer 18, aisd p-type ohmic eontaet epitaxial 
layer 16. 

in ttie above de^ption. the mateila] of the p* typ« otxmto contact epitoxiai layer 
con be AlOoA^ AlOalhP* or 0aA9i^» as along ad tho metgy gap of the laatsrial la 
krger ihan that of the oorive layer, and nn iighc eautted fronx the active layer i£ 
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iibfrorbcd ■ 

MoreovBTr <lie ^c^ve layec has en Ai CAmpasitton of about 0^k£0'^« the 
lower claddiag layer has an AJ o«acqK»itiaR of abonif 0.5£x:£ 1, the upper clAddins 
layer has aa Al com^ositioa of abottt 0.5 «x S J. If 3c«0» itoeii the composlUoB of she 
Bsttvc layer ts Oao^tnojP, and wsvolengil) A d of Ifae i£0 is 635 nnx. 

fa ibe dbove diesctiptioiw isbe jwfo of the cmpouw! such as {AltOan^jh%sP is 
a {3/fif«rr^ fi3auttpl&« tho invcafioa ia aiao cqjplkd {o any mtic of II-V semicofKhictor 
mneedaL. In sddition* the stnietiad of th« AJGftlnP aeUvtt iayor 20 of the mventioik 
couZd bo a SH fttructm^f 4 DH «tructuie, a xnnltiple qoAxilum wetls (MQWs) strueluxe, 
0* a Quantum wdlff hBceroctruotun <QWHb>. Ilie DH Mmetura txmtptisai flu n4yp« 
CAl^uOojiiKi jP lower ciaddlng layer 22, an (AUCai^sIftajP active layeac 20 and a 
p-typo (AkOai^»ED«iP oppv cl&ddiBg layer 18, as dioWD itt FiS- 1* vAiOtia the 
preifened thickness of ilw lower clartdbg Uwfci 22, the actlvo lajycc 20 ana the upper 
cladding layer t$ m about 0 5-3.0» 0 5*2 .0 and 0w5 -'S .0 ^ ce^ctively 

lbs prefinred mitterial Of the etchltift scop layer 24 of the inivcntioa can bo aay 
RT .V compound somicooductor xnattrial th&X a Ua6co maultd /or miraaatched VPith 
Oiat of th« OaAa suhstnts 26.. The natenal of tfa« etehil^ mp layer 24 of the 
invention also haa an etching late taueb araaJlcr dion that of the OaAs substrate 26. 

edumplew IsCaP or AlQaAs caisi be good eaadidatet of tho etddag stop layer 24 
In aMtJon, the n-type AlOalnP lower cfaddiag lay«r has an ctehins raw much smaller 
than that of the CaAa substzste. Tbowfote, if the lower cladding layex has eaottgh 
thickness, an optiot&U ^itaxial layer, which i« oied a$ an etehlns stop layer, with 
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Th^ structure &s eho-oftk in H^-. 2 compsxMs a transpareat adheiWe Iftyef ^ 
Bxample» BCB (B-sta&^d bisbeozo^ciobuieoo) resin and a truupfirBat subsmixe (13) 
ID. Th/t tnaierial of the a^Oiesive Uycr 14 b not Unrdted <d BCB. Afly ftdKuivd 
nuitenal with siinUar psopeny* such as Epoagror other Tnatenal, b itlso applicable to thft 
iQVtniioa. The tnmspOTent stibsiratft can bo composed of slates, ss^hite wafers SiC 
wafbr« OaP wftfer, GaAaP Wer* ZnSc wafcr^ ZnS wa£cr, or ZnSSc wofer. Xhfia9 
matorials caix be chosen 43 the transparent substrate as long as tbe H^t Absatbed by cho 
mstenal is riIdot.' On^ BdvantagiB of ths pressnt iavendcsi ia that tho txrosparcDt 
^bstr&te oot must be siagle czyataJ wafer. Th^ transparent subftoratfl 2a used far 
BuppoHing 1]» LSD epitwnvl layer to avoid this ^itaxUl Uyiir firom breakiiigt tb« 
am-runt docd not flow througb tb6 transparent substnts. In ether words^ both tho 
poiyoysfal and anaorphoua ciyslai caa b^ usM as Ihe cttrrS<r substrata. Ajceordlftftly, 
the manu&ycttire cost Is disnl^cant decnastsd. 

Ihomftdr, tiie epttayial layer stucmrs of tUt- 1 ts bonded tegethfit with tho 
tmspmntfubsiiit&ckf The adhssioii step can te pcrfbiiued in » Hsrop«fatun» 

for exampte, 250'C, with pjwssurc sod hc«» according: to the method of die tnvefdiou, 
A layer Of adhMion pdromotor can he ibixned on the surfhee ol the L£0 ^iuudal 
5tn2Ctui« nid ttansparcnt substrate siirfbee by, for example* depDsitsm, evaporation* or 
sputtering, to improve the edbcston pcopet^ between the LED epStesdaL strttotuie azid 
die transparent snbstrate^ that, a 3CB layer U coated^ tbea a tensipeiature, ite* 

oianiple, 250'C, vxd a pt«*uft aw applied «br a period to dia cot»ple<e dm adhestosi 
beivi/ecn the LED epitmcial «ntf(w« ftn<i the transpatem nabalrito. Ii> orrfar to provide 
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t>«kter adhesion, tb& LED 9pi{»ci^ sbruetom ftbd Hut tmnsparent substraite bonded hy the 
BCB layer, can te heated «t 4 lower tfen^fia^ftturep for cxamplq^ 60 u> 100 X, to 
Tcmovs th» orgsoMi tolvent ia Ovs BCB l&ycr, and theo cbe tsmpieniture is raised sa a 
tanse between 20D*C ot^d so that cbe bondioge strength of tbt» LCD epiUaxiiil 
strucniD^ (he inmspaitiot subsiratt, end tie BCB layer is excellent ThereaAcr* tlie 
o(ttii)U8 D-typtt QaAs trnbctraie is then removed by etahant; for oxmnpk^ 
5HjP04;3H702:3HiO ar3NKiOH:35H20i- Hevrevcr, the etching stop bywr. 
inO&P or AlOaASt 5tlU absorbs tbo lisht emzttod &im The motive l«}r«r. Therefore^ h b 
necessary to v^etiove the etching stop layer und only remains a portioa of (bxa etching 
Stop Idyae eontocted with the n-iype ohxnks ooaiact xaeml layer A dry etohing metfaod, 
jbr CMUtipIc, RIE, b ihoa c^Iied to remove poraono of dw n-typo A(CaIa? lowr 
elttdding tayer, AJOalikP aedve Jsya and p-lype AlOalnP upper claddiog Uyer to 
fajthsT expose 1h« p-type oiimic contact epitaxial layer. A p-iypc olimic contact metal 
layer 3S id thou Ibnned eet the p-typ» ohmic contact epitaxial htjrer l& A A-type 
Qhrolc conract metal tayor 30 is thereafka- formed oa the ihtype AlG-dlnP lower 
«(eddln$ iayer 22 to fonn a LED skructitre wtcbp-type uid A-type ohnileeontacc metal 
layers fbrmod on the same side, ASfihOVWi in RO. 3. 

The Ugfat eotput povw of the AlQelnP LED with iMkveleDgtk 635 nm of the 
present hi^venfioti i% more ifaan 4cnw (at 20mA izyeGrtioa cwcem) and b two titter 
higher than the fight output pow«r of the eoi|vei}t}onel Abunbiiig ftubsuate AlOafa? 
LB£>. 

Tbe present inveotion b not Uisdted to the AlCala? I£D having high brig|itness» 
and w aJao teltaWe for other I£D materials^ fiir example, red acsd tnficaied-eed AIC3aAs 



PAGE 34/86 ' RCVD AT mm 1:40:28AM [Eastern Daylight Tune] ' SVR:U8PTO-EFXRF<$/6 ' DNiS:2738300* CSiD:17039S74S17 ' DURATION (iniHs):39-16 



To: USPTO Page 35 of 86 



2006-06-30 05:40:28 (GMT) 



17039974517 From: Winston 



CI 8) 4Q^NaO02-24664O 



LED . ^hc cpitaidAl.9imctur9 4howti <m F IG S is « msA aectlotiaf view of ths seooml 
enAbodimeni of tbo present iiivcntioB. 2lie AiG«AB i«d LED <650nm) mcludaa & 
staekdd stniQture of tt'tjppe GaAs suhstrato SI, a-type AJG»As Iowm* daddioe Isyer 52 
with Al compositioa Of about 7CMI0% and thicknesd of 0.5^-2^» and u p-(yp« 
AiCaAs upper cladding lay«r 54 -with Ai cotnpo^ition of about 70-*BO% Uid thickness 
of' 0 5^in*2|ini. Tha AlOaAs red LED sinicture is then bonded to a traaspsroit 
substrain 56, for exianiple, sapphire^ by BCB 3? The spiiajcEal stnictuio ia thoa «tchcd 
bgr an etehant, sud\ 'NH40H;HxOr*l 7;1 to /fimowc die opaipia nrQnp« CaAa 
substr«f«. Fberea^r^ & wet etchins or a di> etchins is applied to reaaovd portiont^ of 
the n>iypa AlGaAs low^r claddins layer and AlGaAs active layer and lo fSwhcr «xpos» 
the p-iype AlQaAs upper cladding iaycr. A p-trpo ohxni^ contact matal layer 57 is 
dieo £bfmed on the Hype AlGaAs upper divkimg layor 54. A n-lypa obmic oontaet 
nctai Jaycr $S » then focxnod on the a-typc MO^M lower okulding layer 52 to form a. 
LBD stnictura with p typa and n-iype ohmic ooniaet ooefcal Utym tormtd on the saxco 
side. 

The light output power of the prodrat invrnttion AtCaAs LED is two tbnei 
higher thaii the fight oncpiit power of dw coDventiocal absocbuig substrato AlOaAs 
L£D.. Thtt AlOaAB LED of the p!r«aem iftvcoiion has a tvav^^^h 650 am» but » not 
Umitaddierfsto. 

Ilia LED b GOfnposBd of tnsispaitnt sttbattate, aad both tha p-typa and n*typ» 
ohzoic metal layer arc kerned on the saipv vi^t of tho tronaqfiaceat ftubstzata. therefore a 

flip chip paakace method «an bft applied and the cotivemionfll wins bondDog method is 
not neee9»axy artymora.. ThBiafocQ, tbe LED fbmicd hy ih« method of the prtsfiot 
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invenuoa has a better ti^lmbiUtyu Fuzthonnore. ao light i» ^sotbed by the trampwcst 
substiate, tfaefc(b7» tho briQhtiKSs of th« LEO H impfovod. In aiditian, tha 
tnm^artxit substnte can be coxnposcci of 8apptijie» &w ot SiC with high hanlxwss, 
therefore fho l3uek7se«9 of (be Aubst^me can b« down to 100 mioromitort witboot 
breaking so that s LJBD stnctuTe with chia thidcness aod small size is manufactured 

One advamage of the piwnt inveation {a the use of die dasdc propony of 
tronssorent adhesive .material Co bond the transparent siib^ato and Ibe omlti-ii^rtMd 
AlOafoP epitaxial structuiv. TheiefbEe» an cxccUcnt bondi.n& revolt caxs be obtelntd 
by the n»e efthe eJastie property of transpereot adhesiye q»ledal even<if tbe epitaxial 
stiuctiure has a jvughness susrf^ce. 

While the pze£emd embiodhriem of the uiventio& hfts been iUustxated atid 
dePCcrSbad^ it will be appieciated that vatioua ehangcs oan be oMde ihtmln without 
depeottng firom the spirit and scope of ^ inv«nlioA. 

4 fi:lc( Desvriptloi «l i^iaviofs 
FICo. 1-3 4re sfihextMtiea «7oe»-cootjonal views of the piT>o6&& for cnanufeofcuring 
a light csaitting diode in a pflMG^HKed embodiment accordhtg to the pieseat invention; 

FIG 4 is a schematie, etea»M3eetiOttal view of mxnre of eoitvcntlooal 
emitting c&ode: 

FlCiS. S"t are «chcmAtie, ctoss«$ectional views of jutuctures of liglit ciDttting 
diode of the presciU itiventJoa 



PAGE 36/86 ' RCVD AT 6/30/2006 1:40:28 AM [Eastern Daylight rone] * SVR:USPT0-EFXRF-»6 ' DNIS:2738300 ' CSID:t7039974S17 ' DURATION (innK$):39-16 



To: USPTO Page 37 of 86 



2006-06-30 05:40:28 (GMT) 



1 703997451 7 From: Winston Hsu 



(20) ^^i^SOOa — 2 4 6640 



..16 



18 



.-.20 



22 



24 




Fia 2 



PAGE 37/86 ' RCVD AT 6/30/2006 1:40:28 AM [Eastern Daylight Tone] ' SVR:USPTO{FXRF-5i6 ' DNiS:2738300 ' CSID:17039974517 ' DURATION (inin^):39-16 



To: USPTO 



F>age 38 of 86 



2006-06-30 05:40:28 (GMT) 



17039974517 From: Winston Hsu 



(21) 



4^632 002-246940 



18 

20 

22 



...10 



14 




30 



FIG ^ 3 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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A Ughi emitting diode (IJED} and fflcHMd of making the same aro disclosed. 
Tbe presofift snrvention uoes a layer of dasUc tnuispannt adhe&ive materUil to bond ft 
tranQparisut subfltrate and a LCD «p»t8xisl struetur» havtitg a light-^bsorbong substtaift. 
tb% tight ftbsoibmg svImUkm* kt <hen amoved to fbmi 9 LED having a trwupavent 
subfittat« ■ £^ the UM of the tranipaxoQt substrate, the liglst emStiing efikiency of tbe 
LBD can be stswfteaotly improved. 



1 Kfpf escQtatUe Dra^iig 



Fir 1 
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